ABSTRACT In the fall of 2004, the FDA and British authorities suspended the license of one of only two manufacturers that provided the US supply of inactivated influenza vaccine. With a 50% reduction in supply, a severe vaccine shortage resulted. This situation necessitated the development of priority groups for vaccination including those Q65 years, when ordinarily, influenza vaccine is recommended for those Q50 years old. A sample of patients Q50 years old (n = 336), who had been seen at one of four inner-city health centers, was interviewed in summer 2005 using computerassisted telephone interviewing. Associations of survey responses were examined for three groups: those vaccinated in the 2003-2004 and 2004-2005 , and those unvaccinated in both seasons (n = 83). Bivariate and multivariate logistic regression analyses were used to determine factors significantly influencing the likelihood of vaccination status. A significantly larger proportion of patients 50-64 years of age were unvaccinated due to the shortage (73%) compared to those who were vaccinated during both seasons (36%, P G 0.001), but there were no racial disparities in vaccination rates. Compared with patients who were vaccinated during both seasons, those who were unvaccinated due to the shortage were more frequently employed, self-reported their health positively, saw their physician less frequently, rated the US government_s response to the shortage as Bterrible,^and blamed the US government for the shortage. Vaccination during the influenza vaccine shortage appears to have followed preferential vaccination of the CDC-established priority group (Q65 years) and did not result in racial disparities in inner-city health centers.
INTRODUCTION
In an effort to reduce the 36,000 annual deaths and 114,000 annual hospitalizations attributable to influenza, 1 Healthy People 2010 has set an influenza immunization goal of 90% for those most vulnerable, i.e., individuals aged 65 years and older. 2 Yet, influenza vaccination rates among adults Q65 in the 2003 National Health Interview Survey were only 69% for non-Hispanic whites, 48% for nonHispanic blacks, and 45% for Hispanics, with an overall rate of 65.5%. 3 A variety of barriers to annual influenza vaccination exist, including access, fear of side effects or getting influenza from the vaccine, and not realizing one_s need for the vaccine, among others. [4] [5] [6] [7] [8] However, in recent years, a major barrier to increasing immunization rates has been vaccine production delays and shortages. In 2000, inequitable distribution of limited vaccine supplies left many of those most vulnerable unvaccinated, 9 and in 2004, when nearly one-half of the US influenza vaccine supply was unavailable, many of those for whom vaccine is recommended were unable to be vaccinated. Interruptions in supply are a serious issue in light of recent evidence that an interruption of the annual vaccination pattern led to increased mortality among the elderly, whereas repeat vaccinations reduced allcause mortality compared with initial vaccination. 10 In response to prior distribution inequities and vaccine shortages, nationwide changes were instituted by one manufacturer in 2002 so that the majority of providers received at least a portion of their requested vaccine orders and could administer vaccine first to those at highest risk. Due to the magnitude of the shortage, however, the Centers for Disease Control and Prevention established guidelines for the administration of influenza vaccine, with the elderly Q65 years and those 2-64 years with Bunderlying chronic medical conditions^among the groups given priority status. 11 This differs from the recommendation to vaccinate all adults Q50 years old, which was established in 1999 by the American Academy of Family Physicians and the following year by the Centers for Disease Control and Prevention. 12, 13 This study assessed the impact of the shortage in inner-city health centers serving patient populations who are largely among the groups least likely to be vaccinated (low education, low income, minority racial groups). 3 Specifically, patients Q50 years old were surveyed to determine (1) their vaccination status and response to the shortage, (2) whether vaccination rates varied by age, and (3) if the shortage reintroduced racial disparities in health centers where they had been eliminated. 14 
METHODS

Health Centers
Since 2001, we have worked with several inner-city health centers to improve adult immunization rates and eliminate racial disparities. Following each influenza season, patients were surveyed regarding immunization status, knowledge, attitudes, and beliefs about immunizations and other health issues. Two of the centers were faith-based federally qualified health centers (FQHC) or FQHC look-alike and two were family practice residency sites affiliated with the University of Pittsburgh School of Medicine. All served populations that are largely minority and economically disadvantaged. Results from previous studies have been published.
Sample and Recruitment
Patients who were Q50 years old and had been seen at one of the health centers in the last year were either recruited from an existing panel who had participated in previous surveys or were new recruits. The existing panel of 330 persons was initially selected from a random sample of billing records from which 249 participated, 14 refused, and 67 were ineligible, for a response rate of 95% [249/ (330 _ 67)]. This panel was augmented by a sample that was recruited by the sites using a mailed introductory letter or a recruitment sheet that was distributed by office staff during visits. This method was chosen because the Health Insurance Portability and Accountability Act guidelines do not allow direct contact between investigators and potential participants via patient lists. Therefore, we were dependent upon the sites to recruit on our behalf. Among the new recruits, the response rate was 18% (87/480), bringing the total sample to 336 patients. A personalized introductory letter and a letter from the health centers endorsing the project and encouraging participation were sent to each of the sampled patients. A $10 honorarium was offered for completing the survey.
Survey
The survey was designed by a multidisciplinary team using an iterative process. Items on the questionnaire assessed self-reported demographic characteristics including race; health behaviors; and attitudes and beliefs regarding influenza vaccine based on the theory of reasoned action, 18, 19 which accounts for facilitating conditions, habit, social support and perceived consequences of a behavior on outcomes, and experience with the vaccine shortage. season, the reason why not. They were also asked to whom they would assign blame for the shortage and other precautions they may have taken to prevent influenza infection, among others.
Depending upon skip pattern, the final questionnaire included approximately 83 multiple choice and three-point Likert scale questions, of which 47 related to the present study and took 30-45 min to complete. The survey was conducted by trained interviewers using computer-assisted telephone interviewing (CATI) during August through October 2005 when new vaccine supplies had been delivered to the health centers and were being administered. CATI permitted direct data entry during the interview, 20 as well as managed the sample of persons to be contacted by randomly assigning participants to be contacted to each interviewer and recording the outcome of attempts to reach them. The CATI system also directed question sequence, reduced unintentionally skipped questions, and provided automatic range checks. Due to both size and our intention to focus on the shortage, the groups who did not fit into these scenarios (e.g., not vaccinated in 2004-2005 for reasons other than the shortage or missing data) were not included in these analyses, leaving a final sample size of 288. Logistic regression analysis was performed to determine variables significantly associated with receiving/not receiving influenza vaccine due to the 2004-2005 influenza shortage, compared with receiving vaccine both seasons or not receiving vaccine both seasons. All independent variables associated in bivariate analyses with the dependent variable at the P G 0.10 level or specified a priori (i.e., gender, race) were included in the multivariate models. Because annual household income was highly correlated with frequency of physician visits (r = 0.3, P G 0.001), annual household income was excluded from the multivariate model. All statistical analyses were performed using SAS 8.2 statistical software (SAS, Cary, NC, USA). Statistical significance was set at P G 0.05 and data were unweighted.
Statistical Analysis
This project was approved by the Institutional Review Board of the University of Pittsburgh.
RESULTS
Demographics and other characteristics of the three groups (vaccinated both seasons, unvaccinated both seasons, and unvaccinated-shortage season) are shown in Table 1 The three groups differed significantly with regard to age, sex, marital status, household income, employment status, frequency of physician visits, and self-rated health. In general, compared with those who received the vaccine both seasons, those who were unvaccinated due to the shortage were younger, healthier, and from a higher socioeconomic status. These groups were similar in their beliefs about influenza vaccine except regarding susceptibility to influenza without vaccination and awareness of avian flu. Compared with those unvaccinated both seasons, those who were unvaccinated due to the shortage were more likely to be male, be of higher income, be healthier, and have a more positive attitude about the efficacy of the influenza vaccine. In logistic regression analyses, those who were unvaccinated because of the shortage were compared separately with those vaccinated both seasons and those unvaccinated both seasons. Table 2 indicates that younger individuals, those who self-rated their health as good, and those with fewer physician visits were more likely to have been unvaccinated due to the shortage compared with those vaccinated both seasons. Those who were unvaccinated because of the shortage also self-rated their health as good and believed in the protection from influenza offered by vaccination.
We were especially interested in the views of those who were unvaccinated in 2004 because of the vaccine shortage. In the past 5 years, over half (57%, n = 36) had been vaccinated every year except the most recent, 27% (n = 17) had been vaccinated three times, 10% (n = 6) were vaccinated twice, and 6% (n = 4) were vaccinated only once. Normally, these patients reported receiving the vaccine at their primary care physician_s office (86%, n = 54), as opposed to Bother^locales (14%, n = 9) including Veterans Affairs_ and Allegheny County Health Department clinics. The respondents who were unvaccinated due to the vaccine shortage heard about it from multiple sources including their physicians (31%, n = 19), newspapers (31%, n = 19), television (27%, n = 17), and Bother^resources (11%, n = 7). The vaccine shortage did not influence their desire to get vaccinated, as most (74%, n = 46) reported no change in wanting to get vaccinated, whereas 14% (n = 9) wanted the vaccine more and 11% (n = 7) wanted the vaccine less. In addition, the shortage did not cause patients to worry more or less about the side effects from the vaccine, compared to previous years (87%, n = 53). Looking ahead, all of these patients planned to get vaccinated in the fall of 2005 (100%, n = 63).
As a majority of the respondents who were unvaccinated due to the shortage regularly received the influenza vaccine, we were interested in what precautions they took to reduce their risk of contracting influenza. Many washed their hands or used a hand sanitizer more frequently (79%, n = 30), stayed home or out of crowded places (55%, n = 38), tried not to touch places where people put their hands (24%, n = 9), took more vitamins or ate more healthful foods (24%, n = 9), and got more rest (5%, n = 2; more than one source could be cited).
When asked who they blamed for the influenza vaccine shortage, a majority of those who were unvaccinated because of the shortage said the US government (59%, n = 37); half blamed the vaccine manufacturers (51%, n = 32); and the remainder chose the CDC (13%, n = 8), health insurance companies or others (17%, n = 11), the medical profession, and their physician or physician_s office (6%, n = 4; more than one source could be cited). In addition, patients who were unvaccinated due to the shortage often negatively rated the US government_s response to the vaccine shortage in getting the vaccine to those who needed it (60%, n = 38 rated the response as B1^or B2^on a five-point scale from Bterrible^to Bexcellent^). 
DISCUSSION
The influenza vaccination season of 2004-2005 was seriously circumscribed by a 50% reduction in vaccine supplies, leading to priority grouping for vaccination. We examined influenza vaccination rates among adults seen at inner-city health centers that serve largely minority and disadvantaged populations in which racial disparities had been eliminated. 14 This equivalence in vaccination rates across races was sustained even in a season of severe vaccine shortage. Moreover, those who received the influenza vaccine during both the previous and current seasons, were more frequently older and presumably less healthy (saw their physicians more frequently) than those who were unvaccinated because of the shortage. These findings are consistent with guidelines from the CDC for the tiered rationing during the shortage, 11 that is, the elderly and high-risk groups were to be given priority. However, they differ from those of the Behavioral Risk Factor Surveillance System (BRFSS) survey following the 2004-2005 influenza vaccine shortage. It found that vaccination rates among those Q65 years old declined for white, black, and Hispanic groups and racial disparities in rates persisted. Among younger adults, there were no racial disparities in influenza vaccination rates. 21 Rationing of scarce medical resources is a difficult task and the differing views of what is in the best interest of the public must be considered. CDC officials worked rapidly to coordinate data, develop a tiered structure for priority groupings, and encourage appropriate use of limited vaccine supplies. But it was unknown what the response to these rationing guidelines would be.
Many respondents who were unvaccinated due to the shortage rated the government_s response to the vaccine shortage as Bterrible^and were more likely to blame the US government for the shortage than other entities, such as vaccine manufacturers. Another study found that manufacturers were the most likely to be blamed (39%), with fewer blaming the federal government (29%). 22 However, nearly half (45%) thought that the federal government should be responsible for ensuring the adequacy of the vaccine supply. 22 Concern about side effects is a prominent barrier to vaccination, 23 and fears about the safety of vaccine may increase when shortages occur due to substandard manufacturing processes. The BRFSS analyses showed that during the shortage, blacks were more likely to have concerns about the vaccine (14 vs 8%). 21 Studies of the 2000 influenza vaccine delay found that a small number of individuals reported changes in their beliefs about influenza vaccine or its safety. 24, 25 Fortunately, among our study population, the 2004-2005 shortage did not influence their vaccination desires or fear about side effects and 100% planned to be vaccinated in the subsequent year.
Strengths and Limitations
As this study included two racial groups (African Americans and Caucasians), it is limited by our inability to generalize the findings to other racial or ethnic groups. Furthermore, this sample was predominantly female, unemployed, and low-income, as might be expected from a study of patients seeking care at inner-city health centers.
Secondly, vaccination status was determined from self report, which has been shown to have a sensitivity of 92%-100%, and a specificity of 38%-98%, compared with medical record review. [26] [27] [28] [29] Although recall bias may have occurred, self-reported vaccination status is widely used in national surveys including the BRFSS. We intentionally sampled patients over 50 years old as that is the age recommended for universal influenza vaccination. Our findings might not be applicable to younger, high-risk populations, children, or to cities with different ethnic groups.
Strengths of this study include the use of CATI and its focus on a primarily minority population, which is frequently more difficult to reach than socioeconomically advantaged groups. Further, we directed our analyses to address characteristics of those who presumably would have been vaccinated in 2004-2005, but for the vaccine shortage.
CONCLUSIONS
While disruptions in vaccine supply cannot always be anticipated or prevented, quick response to shortages in the form of equitable distribution and priority administration guidelines may attenuate their effects. This study suggested some success in implementing the guidelines in Pittsburgh. That is, older individuals were less likely to remain unvaccinated because of the shortage and no racial disparities in vaccination rates emerged. This process and its effect on the population is a model for establishing priority groups for vaccination in anticipation of a possible influenza pandemic with insufficient vaccine supplies.
